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I.  Introduction 

It  Is  well  known  that  Improper  element  patterns  and/or  placement 
can  lead  to  dips1.  In  the  output  slgnal-to-tnterference-plus  noise  ratio 
(SINK)  of  an  adaptive  array.  Ishlde  and  Compton  [1]  characterized  this 
problem  In  terms  of  a  grating  null  phenomena  and  found  that  using 
elements  with  appropriate  but  unequal  radiation  patterns  the  grating 
nulls  can  be  avoided.  In  most  applications,  for  example  an  airborne 
adaptive  array,  one  does  not  have  much  control  on  the  element  patterns 
and  thus  the  element  placement  becomes  Important.  In  this  paper  an 
algorithm  Is  presented  which  provides  the  appropriate  element  placement 
such  that  all  the  dips  In  the  output  SINR  can  be  avoided.  The  algorithm 
Is  based  on  dividing  the  total  number  of  array  elements  Into  two  parts: 

a)  The  Constraint  Efements:  If  there  are  m  Interference  signals 
Incident  on  the  adaptive  array,  at  least  m+1  elements  will  be  needed  In 
this  part  of  the  array.  These  elements  are  closely  spaced  and  are 
placed  such  as  to  ensure  that  there  are  no  dips  In  the  output  SINR. 

These  elements  will  be  referred  to  as  the  constraint  elements  and 
provide  the  required  degrees  of  freedom. 

^Whenever  the  output  SINR  of  an  adaptive  array  drops  below  a  certain 
threshold  (except  when  the  Interference  signal  direction  coincides  with 
the  desired  signal  direction)  It  will  be  called  a  dip  In  the  output 
SINR.  Depending  upon  the  system  requirement  one  can  choose  any 
threshold.  In  this  work  the  Input  desired  signal -power-to-thermal  noise 
ratio  1$  chosen  as  the  threshold. 


b)  The  Resolution  Elements:  Since  the  constraint  elements  are 
closely  spaced,  they  may  not  provide  the  required  resolution.  As  a 
result,  some  additional  elements  may  be  required  to  achieve  the  desired 
resolution.  These  elements  are  placed  at  large  distances  and  constitute 
the  resolution  part  of  the  array.  These  elements  will  be  called  the 
resolution  elements. 

The  constraint  elements  are  specified  first.  Once  the  spaclngs  of 
the  constraint  elements  are  decided,  one  adds  resolution  elements  until 
the  required  resolution  is  achieved  without  Introducing  extra  dips. 

A  single  Incident  jammer  Is  discussed  In  this  paper,  but  the  method 
may  be  extended  to  multiple  interference  signals.  The  method  is,  first, 
applied  to  a  linear  array  of  isotropic  elements  and  then  it  is  extended 
to  conformal  arrays.  It  Is  shown  that  the  method  can  be  used  for  arrays 
mounted  on  conducting  cylinders.  The  effect  of  scattered  fields  on  the 
performance  of  an  adaptive  array  mounted  on  complex  structures  such  as 
an  aircraft  fuselage  Is  addressed.  It  Is  shown  that  the  scattered 
fields  can  cause  extra  dips  In  the  output  SINK.  This  specific  problem 
Is  discussed  In  this  paper  and  Is  resolved  by  adding  additional 
compensating  elements. 

In  section  II  an  expression  for  the  output  SINR  of  an  array  of 
elements  with  Identical  radiation  patterns  In  the  presence  of  one 
Interference  signal  Is  given.  In  section  III  this  expression  Is  used  to 
determine  the  element  placement  of  a  linear  array  of  Isotropic  elements. 
The  method  Is  extended  to  conformal  arrays  In  section  IV,  where  It  Is 
shown  that  the  method  can  be  used  for  arrays  mounted  on  conducting 


cylinders.  In  section  V  the  effect  of  scattered  fields  on  the 
performance  of  an  adaptive  array  mounted  on  complex  structures  Is 
studied.  Section  VI  contains  conclusions. 


II.  Formulation  of  the  Problem 

Consider  an  N-element  adaptive  array  as  shown  In  Figure  1.  The 
elements  are  assumed  to  lie  anywhere  In  a  two  dimensional  space  defined 
by  the  coordinates  (pj,  8j).  Note  that  8*0  corresponds  to  the  x-axis. 
Assume  that  two  continuous  wave  (CW)  signals  at  the  same  frequency  and 
of  same  polarization  are  Incident  on  the  array.  Let  the  desired  and 
Interference  signals  arrive  from  angles  84  and  8^,  respectively.  Also 
assume  that  the  jth  array  element  has  a  voltage  response  fj  (e)  with' a 
unit  amplitude  signal  arriving  from  an  arbitrary  angle.  Then  the  output 
SINR  of  the  array  Is  given  by  [1] 


SINR  -  5<j(Uj  Ud  - 


juMu 

Cf1  ♦  u[u* 


) 


(1) 


where  (4  Is  the  ratio  of  the  desired  signal  power  to  the  thermal  noise 
power  and  gf  Is  the  ratio  of  the  Interference  signal  power  to  the 
thermal  noise  power.  Further,  U4  Is  the  desired  signal  vector  which  Is 


(4) 


♦dj  -  P j  cos  (ed  -  0j)  and 


♦u  *  r~  »j cos  <et  ‘  V  • 


where  A  Is  the  wavelength  of  the  CW  signals.  For  an  array  of  elements 
with  Identical  radiation  patterns 


ye)  -  f2(e)  - . fN(e)  -  f(0)  .  (6) 


and  using  (2),  (3)  and  (6)  In  Equation  (1)  one  obtains 


5d  N|f(ed)|2  - 


K(0lK*(0d)l2  lj-i  eJUir*dj>[ 

e-1  +  N  | f (e1 ) | ^ 


For  strong  Interfering  signal,  l.e.,  Ci»l  Equation  (7)  yields 


.2  If  .  N  J ( ♦<*  f  “♦hh )  2 


SI  NR  s  ^  |f(e  )|  N  -  lf(el)f  <fld)l  j  l  e  ^  *3  \ 

6  d  "•wvmnvi*  A 


Equation  (8)  will  be  used  to  find  Interelement  spacing  for  the 
constraint  elements  of  the  adaptive  array  as  shown  later. 
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If  all  the  elements  of  the  array  are  Isotropic  and  are  placed  along 


the  x  axis  as  shown  In  Figure  2,  then, 

f(e)  -  1 
and 

e  ■  0  j  *  i, 2 
j 


(9) 

.N  .  (10) 


Using  (9)  and  (10)  Equation  (8)  yields 


SI  NR  s  Ed 


{N  -  lf-1  }  , 


(11) 


where 


and 


cos  ©.j 


♦dj  ■  X1  »J  cos  5d 


(12) 


a)  Constraint  element  placements:  In  the  presence  of  one 
Interference  signal,  the  constraint  part  of  the  array  consists  of  two 
elements.  For  a  two  element  array,  Equation  (11)  becomes 


SI  NR  ■  5d  {2  - 


|e^1  l'W  ^  eJ(*12~*d2)|2 
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} 


Using  (12)  In  Equation  (13) 


SI  NR  *  Ed  [1  -  cos  {2_!  (Pg  -Pl)  (cose^-cose^}] 


(14) 


Note  that  when  6qs  flj,  the  output  SINR  Is  zero*.  Whereas,  If  one 
chooses  so  as  the  angular  separation  between  the  two 

signals  Increases  the  output  SINR  does  not  again  drop  below  some 
threshold,  all  dips  In  the  output  SINR  can  be  avoided.  For  this 
discussion,  let  us  choose  the  threshold  at  E<|*  Therefore,  (eg*0}) 
should  be  chosen  so  that  SINR  >  Ed  Tor  all  6d  and  e^.  Using  Equation 
(14) 


1  >  1  -  cos  (2*  (p2-pj)  (cos  e^-cos  ed))  .  (15) 

The  equality  will  be  satisfied  if  and  only  If 

I*  (Pj-Pj)  (cos  v  cos  0d)  -  ±  ajil  *  .^  ,  2 . 

Or. 

(cos  ei-cos  ed)  -  * 

Now  m»o  In  Equation  (16)  corresponds  to  the  small  angular 
separation  between  the  two  signals  where  the  SINR  will  be  below 
threshold.  As  Increased,  more  and  more  values  of  m  will 

satisfy  Equation  (16),  and  consequently  one  will  obtain  numerous 


Tit  Is  assumed  that  Ei»l  and,  consequently,  the  SINR  will  be 
approximately  zero.  Actually,  SINR  s  Ed  /  Cl 


dips  In  the  output  SINR.  To  avoid  these  dips  m  should  be  chosen  equal 
to  one.  Then  equation  (16)  yields 


I P2~P1 1  <  3 _ 

X  4) COS  ejp  COS  8d| 


max 


(17) 


Equation  (17)  gives  the  spacing  between  constraint  elements.  If 
one  Is  Interested  In  the  whole  visible  space,  l.e.,  0  <  eq  <  * 


then 

|cos  -  cos  eq|  ■  2  ,  (18) 

max 

and  from  Equation  (17) 

llH\  <  0.375  .  (19> 

X 

Thus  the  constraint  elements  should  be  0.375X  apart.  Figure  3  shows 
the  output  SINR  of  a  two  element  array  as  a  function  of  the  Interference 
signal  direction.  In  this  plot  aq-O®,  Cq  ■  1.  Ci  ■  100  and  the 
Interelement  spacing  Is  0.375X.  Note  that  there  are  no  dips  In  the 
output  SINR,  l.e.,  for  large  angular  separation  between  the  two  signals 
the  output  SINR  never  goes  below  the  threshold  (Cq  In  our  stu<Jy).  On 
the  other  hand,  note  that  the  resolution  of  the  array  Is  very  poor.  In 
order  to  Improve  the  resolution  one  must  add  some  resolution  elements 
which  will  complete  the  design. 


I 


b)  Resolution  element  placement:  Since  the  maximum  resolution  of 
a  linear  adaptive  array  Is  dependent  upon  Its  total  length  or  the 
distance  between  Its  end  elements*  one  must  add  elements  (resolution)  to 
Increase  the  total  length  of  the  array.  If  resolution  elements  are 
added  to  the  array  Indiscriminately  as  shown  In  Figure  4,  the  output 
SINR  of  the  array  may,  again,  have  dips.  Note  that  the  addition  of  the 
new  element  Increases  the  resolution  of  the  array;  however  as  the 
spacing  of  the  resolution  element  (p  -p  )  Is  Increased  beyond 
some  limit  a  dip  appears  In  the  output  SINR.  This  dip  Is  undesirable 
and  puts  a  limit  on  the  spacing  of  the  resolution  element. 

In  order  to  determine  the  proper  resolution  element  position,  an 
array  using  only  the  end  elements  Is  examined.  Figure  5  shows  the 
output  SINR  of  a  three  element  array.  The  broken  curve  shows  the  output 
SINR  due  to  the  constraint  part  of  the  array  while  the  continuous  curve 
gives  the  output  SINR  due  to  the  end  elements  only.  One  observes  that 
the  output  SINR  due  to  the  end  elements  has  grating  nulls  [1].  If 
grating  nulls  occur  outside  the  resolution  width*  of  the  orglnal  array 

*The  minimum  angular  separation  (between  an  Interference  signal  and  a 
desired  signal)  required  to  bring  the  output  SINR  from  a  null  (when  the 
two  signals  coincide)  to  the  threshold  will  be  called  the  resolution 
width  (RN)  of  the  array,  and  Is. defined  as 
RW  -  |  cos  ed  -  cos  e1fw| 

where  to  Is  the  Interference  angle  at  which  the  output  SINR  reaches 

the  threshold.  In  Figure  3,  ed  ■  0s  and  s  70°.  Note  that  the 

RW 

smaller  the  resolution  width  the  better  Is  the  resolution  of  the 
adaptive  array. 


Figure  5.  Output  SINR  versus  «j.  ( - )  using  constraint  elements 

( - )  using  end  elements,  p  -0.,  p  -0.375  X,  p  -1.5  X, 

12  3 


(constraint  part  In  this  case)  the  addition  of  the  resolution  element 
will  not  cause  extra  dips.  Consequently,  In  order  to  avoid  extra  dips 
the  angular  separation  between  the  desired  signal  and  the  first  grating 
null  should  be  more  than  the  resolution  width  of  the  original  array. 

From  Equation  (14)  the  angular  separation  between  the  desired  signal  and 
the  first  grating  null  direction  Is 


|  cos  e.|  -  cos  ed| 


'Vi' 


(20) 


where  pr  Is  the  spacing  of  the  resolution  element.  Therefore, 


Thus  knowing  the  resolution  width  of  the  original  array  the  spacing 
of  the  next  resolution  element  can  be  found.  One  should  note  that 
Equation  (21)  gives  the  distance  between  the  end  elements.  Therefore, 
the  resolution  element  can  be  added  on  either  side  of  the  original  array. 
Now  the  RW  using  the  constraint  element  Is  0.667  (Figure  3).  Hence  the 
first  resolution  element  should  be  added  such  that  the  total  length  of 
the  array  Is  less  than  or  equal  to  1.5x  (Equation  (21))  .  Figure  6 
shows  the  output  SINR  of  the  array  containing  one  resolution  element. 

It  1$  observed  that  there  are  no  dips  In  the  output  SINR  and  the 
resolution  Is  much  better  than  that  of  the  original  array  (Figure  3). 


If  one  wishes  to  Improve  the  resolution  further,  a  second 


resolution  element  should  be  added.  From  Figure  6,  the  resolution  width 
of  the  three  element  array  Is  0.15625.  Using  Equation  (22)  the  total 
length  of  the  new  array,  therefore,  should  be  <  6.4  x.  Figure  7  shows 
the  output  SINR  of  the  array  containing  two  prescribed  resolution 
elements.  Again  there  are  no  dips  In  the  output  SINR  and  the  resolution 
has^greatly  Improved.  Thus  one  can  achieve  as  much  resolution  as  one 
wishes  provided  that  the  number  of  elements  and  the  array  size  does  not 
exceed  other  requirements. 


IV.  A  Conformal  Array  of  Isotropic  Elements 

If  all  the  elements  of  the  arrey  are  Isotropic  and  are  placed  along 
a  circle  of  radius  r  as  shown  in  Figure  8,  then  Equation  (8)  becomes 


where 

-  4s  r  005  (,i  •  V 

♦d j  “  4s  r  *•*  t0<*  *  'j1 


(23> 


a)  Constraint  element  placement:  In  the  presence  of  one 
Interference  signal  the  constraint  part  of  the  array  consists  of  two 


Figure  8.  N-element  circular  array  with  one  Incident 


Interference  signal  and  a  desired  signal 


elements.  Let  these  elements  be  placed  symmetrically  about  the  y-axls, 
1  .e.  i 

02  *  x  -  (24) 

then  Equation  (22)  yields 

SINR  2  5d  (1  -  cos  )  (25) 

where 

g  *  cos  (0  -0  )  -  cos  (0  -8  )  -  cos  (0  -8  )  +  cos  (0  -8  )  (26) 

12  d  2  11  dl 

Using  (24),  Equation  (26)  yields 

g  «  2  cos  0j.  (cos  0d  -  cos  0i ).  (27) 

Substituting  (27)  in  Equation  (26),  one  obtains 

SINR  h  £d  {1-cos  (ilL  cos  0j  •  (cos  0d-cos  0^ ))  }  (28) 

Then  using  the  same  arguments  as  done  earlier,  one  can  find  0j  so  that 
there  are  no  dips  in  the  output  SINR.  Following  the  same  procedure  one 
'btalns 

8.  =  cos"1  (_ - 1* - J 

1  8r|cos  0<j  -  cos  0i  |  (29) 

max 

If  *  <  9d  <  ,  l.e.,  the  field  of  view  Is  (20°,  160°)  and  r  » 

3.2X,  Equation  (30)  yields  8j  ■  86.425°. 

If  Instead  of  free  space,  the  array  elements  are  placed  on  the 
surface  of  an  Infinite  conducting  cylinder,  the  radiation  patterns  of 

20 


the  constraint  elements  will  be  similar.  Further,  for  ^  <  0d  <  ^ 
Equation  (8)  can  be  approximated  as 

N  2 

2  |,L  eXP  '  *«,| 

SIHR  ■  Cd  |f(8d)|2  1  -  Hi - - L  (M> 


where  +ij  and  $<jj  are  given  In  Equation  (23).  Note  that  (30)  differs 
from  (22)  In  that  the  first  one  Is  multiplied  by  a  factor  |f(0q)|^. 

As  the  array  elements  are  placed  on  a  conducting  cylinder  |f(6<j)|>l, 
hence  one  can  use  a  larger  spacing  between  the  constraint  elements. 

Figure  9  shows  the  output  SI  NR  of  a  two  element  (axial  slot)  array 
on  an  Infinite  conducting  cylinder  of  radius  3.2x.  The  elements  are 
placed  at  ei»94#  and  82-86°,  respectively.  Again  It  Is  observed  that 
there  are  no  dips  In  the  output  SI NR.  The  resolution  width  of  the  array 
(RW)  la  0.380,  which  Is  quite  poor.  In  order  to  Increase  the  resolution 
one  needs  to  add  some  resolution  elements. 

b)  Resolution  element  placement:  From  Equation  (25)  one  observes 


that  the  output  SINR  will  have  a  grating  null  whenever: 
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Using  (26) 
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±  mX 
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(33) 


In  order  to  avoid  dips  In  the  output  SINR,  the  first  grading  null 
must  fall  outside  the  resolution  width  of  the  old  array.  Therefore, 


cos  (  01rm-  0r)  -  cos  (  0d  -  0r)  - 


C0S  (  ®lRW  "  V  +  C0S  (V#1> 


±  X 
r 


(34) 


where  0r  defines  the  location  of  the  resolution  element  and  0i  defines 
r  'RW 

the  resolution  width  of  the  old  array.  Since  04  ,  0h  and  Oi  are  known, 

RM 

one  can  solve  for  0r  using  Equation  (34). 

For  the  array  In  Figure  9,  0i«94®,  00*20®  and  0j  *56®.  Solving 

nW 

Equation  (34)  for  these  values  one  obtains  0rs56.0A.  Figure  10  shows 
the  output  SINR  of  a  three  element  (axial  slot)  array  on  an  Infinite 
conducting  cylinder  of  radius  3.2X.  The  elements  are  placed  at  0i»94°, 
02*86®  and  03*56.0°.  The  array  provides  the  desired  resolution  without 
Introducing  additional  dips  In  the  output  SINR.  This  completes  the 
design  procedure  as  It  applies  to  simple  structures.  An  Important 
aspect  of  this  procedure  remains  to  be  answered  In  terms  of  Its  real 
life  adequacy.  Mhat  If  the  resolution  element  does  not  have  enough 
radiation  for  e>90°?  In  such  a  case  the  array  will  have  poor  resolution 
for  0(j>9O®.  This  problem  can  be  easily  resolved  by  building  a 
symmetrical  array,  l.e.,  by  adding  another  resolution  element  at  0*124®. 
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Figure  10.  Output  SINR  of  three  axial  slots  (constraint  elements 
plus  one  resolution  element)  on  a  conducting  cylinder 
versus  fli-94%  62-86°,  63-56°,  8d-20°,  cd«l, 
Ci-100,  r«3.2x. 
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V.  Adaptive  Array  Mounted  On  An  Aircraft 

For  an  antenna  mounted  on  an  aircraft  there  Is  a  scattered  field 
from  the  wings,  stab'll zers,  nose,  etc.  The  scattered  field  affects  the 
radiation  pattern  of  the  antenna  and  sometimes  causes  deep  nulls  In  the 
radiation  pattern.  Let  us  consider  an  Infinite  conducting  cylinder  of 
radius  3.2A  to  which  are  attached  two  conducting  plates  as  shown  In 
Figure  11.  Figure  12  shows  the  radiation  pattern  of  an  axial  slot  with 
and  without  plates.  The  slot  Is  mounted  on  the  top  of  cylinder  at 
0*90°.  Note  that  the  scattered  fields  from  plates  have  changed  the 
radiation  characteristic  of  the  slot,  but  there  are  no  deep  nulls  In  the 
radiation  pattern. 

Figure  13  shows  the  radiation  pattern  of  the  axial  slot  when  the 
slot  Is  moved  towards  the  right  plate.  In  this  case,  there  are  deep 
nulls  In  the  radiation  pattern  and  the  radiation  Is  weak  on  the  other 
side  of  the  structure  (90°<e<180*).  Thus  the  scattered  field  becomes 
more  significant  as  the  antenna  moves  closer  to  the  plates.  In  most 
applications  an  adaptive  array  Is  required  to  provide  omnidirectional 
coverage  around  an  aircraft.  The  constraint  elements,  therefore,  should 
be  mounted  along  or  near  the  aircraft  center  line.  The  resolution 
elements  on  the  other  hand  are  widely  spaced  and  most  likely  positioned 
at  wide  angles  around  the  fuselage.  As  a  result,  the  resolution  element 
pattern  will  be  more  affected  by  the  wings  than  the  constraint  elements. 
This  distortion  effect  Is  examined  next  In  terms  of  the  output  SINR  of 
an  adaptive  array. 

Figure  14  shows  the  output  SINR  due  to  the  constraint  part  of  an 
adaptive  array  mounted  on  the  structure  shown  In  Figure  11.  The 
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Figure  14.  Output  SINR  of  two  axial  slots  (constraint  elements) 
versus  0J-940  0d*2O°,  Cd"l»  Cl"100 
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constraint  elements  are  placed  at.9i*94°  and  62*86°,  respectively.  It 
Is  observed  that  the  output  SINR  due  to  the  constraint  part  Is  the  same 
as  of  the  array  mounted  on  a  circular  cylinder  without  any  plates 
(Figure  9).  The  small  oscillations  In  the  output  SINR  are  due  to  the 
oscillations  In  the  radiation  pattern  of  the  Individual  elements. 

Further,  there  are  no  significant  dips  In  the  output  SINR,  but  the 
resolution  of  the  array  Is  quite  poor  (RW~0.380).  In  order  to  Improve 
the  resolution,  a  resolution  element  should  be  added  to  the  array.  In 
section  IV,  It  was  shown  that  the  resolution  element  should  be  placed  at 
es-56.0°.  Figure  15  shows  the  output  SINR  of  the  array  with  one 
prescribed  resolution  element.  Note  that  the  resolution  of  the  array  -< 

has  Improved;  however,  there  Is  a  dip  In  the  output  SINR.  In  order  to 
avoid  this  dip  one  may  need  an  extra  element  which  shall  be  called  a 
"compensating  element". 

Before  discussing  the  placement  of  the  compensating  element,  one 
needs  to  understand  the  reason  for  the  dip  In  the  output  SINR.  Figure 
16  shows  the  radiation  pattern  of  the  resolution  element.  Note  that  the 
radiation  pattern  has  a  deep  null  at  6~28°.  This  null  appears  as  a  dip 
In  the  output  SINR.  The  reason  for  a  deep  null  In  the  radiation  pattern 
Is  the  strong  reflected  field  from  the  plates  as  shown  In  Figure  17  (a). 

This  reflected  field  Interferes  destructively  and  constructively  with 
the  direct  field  to  cause  nulls  and  peaks  In  the  radiation  pattern.  The 
null  directions  depend  on  the  location  of  antenna  and  Its  Image  In  the 
plate.  If  one  adds  another  antenna  element  so  that  the  reflected  fields 
of  two  antennas  are  out  of  phase  (see  Figure  17  (b)),  then  one  antenna 
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(b)  TWO  REFLECTED  FIELDS  ARE  OUT  OF  PHASE 


Figure  17.  Wing  Scattering  Effects. 
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will  have  a  peak  while  the  other  has  a  null  in  the  same  direction.  The 
second  antenna  then  can  be  used  as  a  compensating  element.  One  can  find 
the  approximate  location  of  the  compensating  element  as  follows. 

From  Figure  18  the  two  reflected  fields  will  be  out  of  phase,  if 

Zl  (A'  C'  -  B’  D')  =  it  (35) 

X 

Or,  1  (2  (r  sin9A+A)  cos9-2  (r  sin9g+A)  cose)  =  1 

4  IL  cose  ( s i n eA  -  sin0g)  =  1  (36) 

Knowing  r,  9/\  and  9  one  can  solve  for  eg.  For  the  structure  shown 
in  Figure  11,  r=3.2x  and  the  resolution  element  is  placed  at 
03=9a  »  56°.  The  dip  occurs  at  0s28°.  Hence,  using  Equation  (36)  the 
compensating  element  should  be  placed  at  0g  *  47.75°. 

Figure  19  shows  the  radiation  patterns  of  the  resolution 
element  (axial  slot  at  e=56°)  and  the  compensating  element  (axial 
slot  at  9=47°).  Note  that  this  arrangement  of  two  elements  provides 
the  necessary  pattern  coverage  from  at  least  one  of  the  two 
resolution  elements.  Figure  20  shows  the  output  SINR  of  a  four  element 
adaptive  array  mounted  on  the  structure  shown  In  Figure  11.  The  four 
axial  slots  are  located  at  0i  =  94°,  0g  *  85°,  03  =  56°  and  04  =  47°. 
Note  that  there  are  no  dips  In  the  output  SINR  and  the  array  has  good 
resolution.  Thus,  the  previously  described  design  procedure  can  be  used 
to  find  the  various  array  element  locations  for  adaptive  arrays  mounted 
on  complicated  structures.  The  different  steps  In  the  algorithm  are: 

a)  Find  the  Interelement  spaclngs  for  the  constraint  elements. 
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Figure  20.  Output  SINR  of  four  axial  slots  (constraint  elements 
+  a  resolution  element  +  a  compensating  element) 
versus  9i.  9j  -  94°,  e2  -  86°,  e3  «  56°,  e4  «  47°, 
e<j  -  20°,  ■  1,  d  -  100. 


b)  Add  a  resolution  element  to  Improve  the  resolution  of  the  array 
without  Introducing  extra  dips. 

c)  The  resolution  element  should  have  uniform  coverage  In  the 
given  sector  of  Interest.  If  the  resolution  element  has  nulls  In  Its 
radiation  pattern,  add  compensating  element  to  provide  necessary  pattern 
coverage. 

d)  Repeat  steps  (b)  and  (c)  till  the  desired  resolution  Is 
achieved. 

VI.  Conclusion 

The  purpose  of  this  paper  was  to  present  an  algorithm  which 
provides  the  appropriate  element  placement  of  an  adaptive  array  such 
that  the  output  SINR  of  the  array  Is  above  a  given  threshold  for  all 
desired  and  Interference  signal  directions.  Such  an  algorithm  Is 
developed  and  It  Is  shown  that  the  algorithm  can  be  used  to  find  the 
array  element  locations  for  adaptive  arrays  mounted  on  complicated 
structures.  The  most  Important  conclusion  to  be  drawn  Is  that  for  good 
performance  the  adaptive  array  elements  should  have  approximately 
uniform  coverage  In  the  desired  sector  of  Interest. 


38 


REFERENCES 

A.  Ishide  and  R.T.  Compton,  Jr.,  "On  Grating  Nulls  In  Adaptive 
Arrays,"  IEEE  Trans,  on  Antennas  and  Propagation,  Vol.  AP-28, 


